This note describes preliminary measurements of ZZ production at 
The study of the process e + e − → ZZ has become possible since LEP operates at centre-of-mass energies above the threshold for resonant Z boson pair production. In the Standard Model, the process e + e − → ZZ occurs via the two N C2 diagrams [1] shown in Figure 1 . Since no ZZZ and ZZγ couplings are expected in the Standard Model, there are no s-channel diagrams contributing to e + e − → ZZ. However, new physics could lead to effective couplings [2] that could be observed as deviations in the measurement of the ZZ cross section from the Standard Model prediction [3] . In addition, the study of resonant Z pair production is also important as it constitutes the major background in the searches for Higgs bosons, and particularly the Standard Model Higgs boson, at masses near the mass of the Z.
ALEPH has studied ZZ production at energies up to 209 GeV [4, 5, 6] . This note describes a new measurement of the ZZ cross section using the full data sample collected in the year 2000 at centre-of-mass energies between 204 and 209 GeV. The results update those presented in [6] with an increase in luminosity by more than a factor two. The analysis is divided into five channels: bbqq,, qqνν, XX and νν. Throughout this note, the symbol denotes an electron or muon and X denotes a quark or charged lepton. In the bbqq, XX and νν channels, the analyses are the same as those used for earlier measurements [4, 5] . The analyses in the qqνν andchannels are unchanged except for the use of a kinematic fit, which has been introduced to improve the separation of the ZZ signal from backgrounds. These improvements reduce the expected errors on the ZZ cross section measurement at 205.0 and 206.7 GeV by about 9%.
This note is organized as follows. In Section 1, the data sets used and the Monte Carlo simulation of signal and backgrounds are described. In Section 2, the analyses in the different channels are outlined. The combination of all final states and the measurements of the cross section are discussed in Section 3. Finally, conclusions are drawn in Section 4.
Data and Monte Carlo Samples
The ALEPH detector is described fully elsewhere [7] . The analyses presented in this note use approximately 215.6 pb −1 of data collected in the year 2000 at centre-of-mass energies between 204 and 209 GeV. The luminosities at each energy are summarised in Table 1. The ZZ cross section is defined as the contribution to the total four-fermion cross section from the N C2 Z pair diagrams shown in Figure 1 . All signal efficiencies given in this note are with respect to the N C2 processes. Contributions from all other fourfermion diagrams leading to the same final states, including their interference with the N C2 diagrams, as well as contributions from all four-fermion final states not compatible with Z pair production, are considered as backgrounds.
Selection efficiencies and backgrounds are calculated using Monte Carlo events passed through the simulation of the ALEPH detector and processed as for real data. For studies of the signal efficiency, the YFSZZ Monte Carlo generator [8] is used. With a consistent set of electroweak parameters, three other Monte Carlo generators, PYTHIA [9] , EXCAL-IBUR [10] and GRC4F [11] , all agree with the YFSZZ calculation within 2%. This value is taken as the theoretical uncertainty on the N C2 cross section determination.
Backgrounds are simulated using several different generators. The PYTHIA Monte Carlo generator is used to produce events from the N C8 diagrams which include, in ad- 
Event Selection
In the bbqq, XX and νν channels, the analyses used for this study are exactly the same as those used for earlier measurements [4, 5] . The analyses in the qqνν andchannels are unchanged, except for the fact that kinematic fits have been introduced to improve the separation of the ZZ signal from backgrounds. In theanalysis, a sixconstraint (6C) fit is used, where, in addition to four momentum conservation, the added constraints require two reconstructed invariant masses from the four jets to be equal to the Z mass. In the qqνν final state, the kinematic fit is effectively a two-constraint (2C) fit, where both the di-jet invariant mass and the missing mass of the event are constrained to be equal to the Z mass. The numbers of observed and expected events for the selections described below are listed in Table 2 .
Selection of qqqq final states
The fully hadronic channel of the ZZ decay has the largest branching fraction of all channels (about 50%), but suffers from large background from hadronic W-pair decays. Two sub-analyses are applied: aselection and a bbqq selection. Theanalysis uses a 6C constraint fit information in order to remove the background from W-pair decays and Z * /γ * →QCD events. As in previous measurements [4] , the analysis starts with a preselection of four-jet events similar to those used in Higgs searches [16] . To further reduce the background levels, especially from hadronic W-pair decays, a 6C kinematic fit is performed instead of applying the elliptical mass cut on the Z-candidate masses used in the previous ALEPH measurement [4] . The 6C fit is a powerful tool to improve the resolution of resonant decays (such as those of W , Z, or H to qq), where, in addition to energy and momentum conservation, a mass constraint can be introduced. Furthermore, the χ 2 of the fit is a measure of the quality for the tested hypothesis.
For the signal hypothesis, there are in principe six possible jet combinations to form two Z candidates. The combination with the the smallest χ 2 is selected. An optimised cut on the kinematic fit probability, Prob(χ 2 , 6C) > 1%, is also applied.
Selection of qqνν final states
The qqνν channel represents approximately 30% of all ZZ events. The topolgy of these events is characterized by missing and visible masses consistent with the Z mass. The analysis starts with a preselection that is the same as those used for earlier studies [4] . As in the previous analysis [4] , an "elliptical" mass cut is applied on the Table 3 : Results of the ALEPH measurement of the ZZ cross section, compared to the Standard Model prediction from YFSZZ. The results at 192 to 202 GeV are the same that were presented at the 2000 Summer Conference at Osaka [5] , except that they now include an estimate of systematic errors.
, where σ mrec = 8.5 GeV/c 2 and σ M = 3.1 GeV/c 2 . Since the mass of the Z boson is known, a 2C kinematic fit is also performed to improve the rejection of backgrounds from WW and Weν events. The fit allows to make better use of the reconstructed and missing mass information, as both masses are constrained to be equal to the Z mass in the fit.
The elliptical mass cut is set to select events with r < 2.4. The analysis also applies a cut on the kinematic fit probability, requiring that Prob(χ 2 , 2C) should be greater than 0.01. Together, the two cuts are optimised to remove most of the backgrounds from WW and Weν events.
Combination of Channels
The information from the five analyses presented above is combined with a maximum likelihood fit to determine the e + e − → ZZ cross section. The five analyses are run sequentially, removing events already selected, to make sure that they are not overlapping. The Standard Model branching ratios for the Z are assumed in the fit, while no attempt is made to determine the ZZ cross sections in the individual channels. The measured number of events in each analysis is translated into a measurement of the total ZZ cross section, treating as a signal the cross-contamination from events of a different ZZ final state. For each of the five analyses, the efficiency is listed in Table 1 at each energy. The quoted efficiency is computed with respect to all ZZ events irrespective of the final state, so that it corresponds to the sum of the efficiencies of that analysis on the different final states, multiplied by the respective branching fractions. Table 2 gives the number of events observed N obs , as well as the expected signal N ZZ and the expected background N bkg and their sum N SM , the total Standard Model prediction. The cross section at each energy is determined with a maximum likelihood fit, where Poisson probability densities are convoluted with Gaussians to describe the uncertainties on efficiencies and backgrounds. The results of the fit for the N C2 ZZ cross section are listed in Table 3 at each energy, where the statistical errors quoted are the fitted errors rather than the expected errors. Figure 2 shows the cross sections measured by ALEPH compared to the Standard Model prediction from YFSZZ.
The systematic uncertainties are determined by adding a Gaussian smearing to the efficiencies and the background estimates in toy Monte Carlo experiments and observing the change in the total error. Other contributions to the total systematic error of the measurement include the uncertainty on the luminosity uncertainty and those on the WW andcross sections. The total systematic error at each energy point is listed in Table 3 .
Conclusions
The N C2 cross section for e + e − → ZZ has been measured by ALEPH at centre-of-mass energies of 205.0 and 206.9 GeV. Event selections have been optimised for five different ZZ final states,, bbqq, qqνν, XX and νν. At all energies, the measurements are consistent with the Standard Model expectations.
